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(57) ABSTRACT

Provided is a gesture recognition apparatus. The gesture rec-
ognition apparatus includes a human detection unit, a gesture
region setting region, an arm detection unit and a gesture
determination unit. The human detection unit detects a face
region of a user from an input image. The gesture region
setting unit sets a gesture region, in which a gesture of the
user’s arm occurs, with respect to the detected face region.
The arm detection unit detects an arm region of the user in the
gesture region. The gesture determination unit analyzes a
position, moving directionality and shape information of the
arm region in the gesture region to determine a target gesture
of'the user. Such a gesture recognition apparatus may be used
as a useful means for a human-robot interaction in a long
distance where a robot has difficulty in recognizing a user’s
voice.
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GESTURE RECOGNITION APPARATUS,
ROBOT SYSTEM INCLUDING THE SAME
AND GESTURE RECOGNITION METHOD

USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §119 to
Korean Patent Application No. 10-2009-0060771, filed on
Jul. 3, 2009, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

The following disclosure relates to an apparatus for recog-
nizing a user’s gesture, and in particular, to a gesture recog-
nition apparatus, which recognizes a user’s gesture in a daily
environment where the user behaves freely, without giving a
restriction to the user for recognizing a gesture.

BACKGROUND

The human may exchange much information through non-
language means (hereinafter referred to as gestures) such as
the expression of a face, the motions of hands, the directions
of'eyes and the motion of a head. If an information exchange
scheme using a gesture is applied to a Human-Robot Interac-
tion (HRI) technology, a human-friendly HRI technology
may be better implemented. In this viewpoint, a gesture rec-
ognition technology is one of technologies that are attracting
much attention, in the HRI technology.

The gesture recognition technology is categorized into a
sensor-based gesture recognition technology that attaches
sensors to the human body and a vision-based gesture recog-
nition technology using a video camera, according to meth-
ods for acquiring data. Among these technologies, the vision-
based gesture recognition technology is classified into Two-
Dimensional (2D) or Three-Dimensional (3D) recognition
according to the dimension of input data, or is classified into
the recognition of hand motions, the recognition of an upper
body and the recognition of body motions according to a body
range for recognition.

An HRI technology based on the existing gesture recogni-
tion technology has restrictions below in a gesture recogni-
tion method for interaction between a robot and a human in a
long distance.

First, existing technologies cannot provide a meaning ges-
ture for interaction between a robot and a human and a
method for recognizing the meaning gesture, in a long dis-
tance. That is, the existing technologies recognize only hand
motions in a near distance, and further focus on recognition
based on the recognition of an upper body and body motions
than interaction between a robot and a human in a long dis-
tance. Accordingly, an attempt is not almost made on vision-
based gesture recognition for HRI, in a long distance.

Second, the existing technologies require the input video of
high resolution for recognizing the upper body or body ges-
ture of a human that is in a long distance, or require two or
more cameras and devices corresponding to them for obtain-
ing 3D information. Accordingly, it is difficult to implement
a low-cost system that is configured with a single camera.

Third, in a case of using only a single camera, the existing
technologies mostly fix cameras for easily extracting input
videos. Accordingly, it is difficult to apply the HRI technol-
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ogy based on a gesture recognition technology to a robot
platform in which cameras move.

Fourth, the existing technologies require many restrictions
to users for securing the stability of a system that recognizes
gestures. For example, for allowing a system to know the start
time and end time of a gesture, users mainly wear auxiliary
items such as gloves and clothes having specific colors. How-
ever, it is difficult to expect the users to give the above-
described cooperation for the stability of recognition, in a
daily robot service environment where users behave freely.

Accordingly, the existing HRI technology based on a ges-
ture recognition technology has limitations in providing a
meaning gesture recognition method for interaction between
a robot and a human in a long distance.

SUMMARY

In one general aspect, a gesture recognition apparatus
includes: a human detection unit detecting a face region of a
user from an input image; a gesture region setting unit setting
a gesture region, in which a gesture of the user’s arm occurs,
with respect to the detected face region; an arm detection unit
detecting an arm region of the user in the gesture region; and
a gesture determination unit analyzing a position, moving
directionality and shape information of the arm region in the
gesture region to determine a target gesture of the user.

In another general aspect, a robot system, which includes a
moving means and implements a human-robot interaction,
includes: a single camera acquiring a low-resolution input
image which includes a user disposed in a certain long dis-
tance; and a gesture recognition apparatus recognizing a tar-
get gesture of the user, wherein the gesture recognition appa-
ratus includes: a human detection unit detecting a face region
of'the user from an input image; a gesture region setting unit
setting a gesture region, in which a gesture of the user’s arm
occurs, with respect to the detected face region; a background
image acquisition unit acquiring a background image for
stably detecting an arm region of the user in the set gesture
region; an arm detection unit detecting an arm region of the
user in the gesture region by using the acquired background
image; and a gesture determination unit analyzing a position,
moving directionality and shape information of the arm
region in the gesture region to determine a target gesture of
the user.

In another general aspect, a gesture recognition method
using a robot system, which includes a moving means and in
which a human-robot interaction technology is implemented,
includes: detecting a face region of auser from an input image
which is sequentially inputted; calculating a size of a gesture
region, in which a gesture of the user’s arm occurs, at a certain
rate on the basis of a position and size of the detected face
region; acquiring a background subtraction image which
includes an arm region of the user in the calculated gesture
region; detecting the arm region of the user in the gesture
region by using the acquired background subtraction image;
and analyzing a position, moving directionality and shape
information of the arm region in the gesture region to deter-
mine a target gesture of the user which includes a waving
gesture, a calling gesture, a raising gesture and a stopping
gesture.

Other features and aspects will be apparent from the fol-
lowing detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a diagram illustrating the target gestures of a user
which are recognized in a gesture recognition apparatus
according to an exemplary embodiment.



US 9,129,154 B2

3

FIG. 2 is a diagram illustrating the noise gestures of a user
instead of the target gestures of a user which are recognized in
a gesture recognition apparatus according to an exemplary
embodiment.

FIG. 3 a block diagram illustrating a gesture recognition
apparatus according to an exemplary embodiment.

FIG. 4 is a diagram illustrating a region in which target
gestures according to an exemplary embodiment may occur.

FIGS. 5A to 5C are diagrams illustrating operations of
dividing the arm region of a user which is divided in an region
of interest according to a background subtraction technique.

FIG. 6 is a flow chart illustrating the operation of a back-
ground image acquisition unit in FIG. 3.

FIG. 7 is adiagram illustrating a lookup table which is used
for discriminating a target gesture and a noise gesture.

FIG. 8A is a flow chart illustrating the analysis operation of
amotion gesture which is performed in the motion analyzer of
FIG. 3.

FIG. 8B is a diagram illustrating the Y coordinate of end of
a hand which is shown in the operation of FIG. 8 A which
detects the coordinates of end of a hand.

FIGS. 8C to 8E are diagrams illustrating input images
which represent the moving direction of end of a hand.

FIG. 9A is a diagram illustrating an example of a moving
direction code table according to an exemplary embodiment
for analyzing the moving direction of end of a hand.

FIG. 9B is a diagram illustrating a moving direction cumu-
lative histogram according to an exemplary embodiment for
analyzing the moving direction of end of a hand.

FIG. 9C is a diagram illustrating the frequency of genera-
tion of code values based on an image acquisition speed and
the moving displacement of end of a hand.

FIG.10is a flow chart illustrating an operation in which the
shape analyzer in FIG. 3 determines a raising gesture and a
stopping gesture.

FIG. 11 is a diagram for describing an operation for ana-
lyzing the relative length of the both arm regions of FIG. 10.

FIG.12is a diagram illustrating conditions for determining
the raising gesture.

FIG. 13 is a diagram illustrating conditions for determining
the stopping gesture.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinafter, exemplary embodiments will be described in
detail with reference to the accompanying drawings.
Throughout the drawings and the detailed description, unless
otherwise described, the same drawing reference numerals
will be understood to refer to the same elements, features, and
structures. The relative size and depiction of these elements
may be exaggerated for clarity, illustration, and convenience.
The following detailed description is provided to assist the
reader in gaining a comprehensive understanding of the meth-
ods, apparatuses, and/or systems described herein. Accord-
ingly, various changes, modifications, and equivalents of the
methods, apparatuses, and/or systems described herein will
be suggested to those of ordinary skill in the art. Also, descrip-
tions of well-known functions and constructions may be
omitted for increased clarity and conciseness.

A gesture recognition apparatus according to an exemplary
embodiment may be applied to various technology fields,
which recognize users, such as intelligent robots and security
detection systems. In exemplary embodiments, the gesture
recognition apparatus will be described below on the assump-
tion of that it is mounted on an intelligent robot having a
movement means.
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In the case of a near distance, a robot recognizes a user’s
voice and thereby the intention between the robot and the user
may be expressed. In a long distance where it is difficult to
recognize voice, however, recognition for the user’s gesture
may become expression useful. Accordingly, the gesture rec-
ognition apparatus according to an exemplary embodiment
proposes a method that recognizes a user’s intention through
the user’s gesture (for example, arm gestures).

Moreover, the gesture recognition apparatus according to
an exemplary embodiment provides a method that may rec-
ognize auser’s gesture for interaction between a robot and the
user in a long distance where the distance between the robot
and the useris about 4 m to 5 m, and simultaneously, proposes
a method that may recognize the user’s gesture through the
input video of low resolution that is obtained from a single
camera.

Furthermore, the gesture recognition apparatus according
to an exemplary embodiment does not require a restriction to
auser for recognizing a user’s gesture, and proposes a method
that may discriminate gestures that are recognized by it and
gestures in the daily behaviors of the user.

Hereinafter, exemplary embodiments will be described in
detail with reference to the accompanying drawings.

FIG. 1is a diagram illustrating the target gestures of a user
which are recognized in a gesture recognition apparatus
according to an exemplary embodiment. FIG. 2 is a diagram
illustrating the noise gestures of a user instead of the target
gestures of a user which are recognized in a gesture recogni-
tion apparatus according to an exemplary embodiment.

Referring to FIG. 1, a gesture recognition apparatus 100
according to an exemplary embodiment sets the specific ges-
tures of a user as recognition targets for human-robot inter-
action in a long distance. In this embodiment, the gesture
recognition apparatus 100 recognizes total four target ges-
tures that are composed of a motion gesture including a wav-
ing gesture 12 and a calling gesture 14 and a non-motion
gesture including a raising gesture 16 and a stopping gesture
18. Herein, the waving gesture 12 and the calling gesture 14
which are included in the motion gesture may be gestures
using a right arm or gestures using a left arm according to a
user’s habit. In this embodiment, the waving gesture 12 and
the calling gesture 14 are defined as gestures using the right
hand.

The waving gesture 12 is a behavior in which a user shakes
its right arm from side to side, and is the user’s gesture for
attracting the attention of a robot that is disposed in a long
distance. For example, the waving gesture 12 may be used as
expression (for example, “look at me”) in which the user
transfers a service request to the robot in a long distance or
expression (for example, “no”) that indicates “no”. That is,
the waving gesture 10 is one in which the robot checks the
intention of the user before providing an active service to the
user.

The calling gesture 14 is one in which a user shakes its right
arm downward and upward. For example, the calling gesture
14 may be used as expression (for example, “come to me”)
that allows a robot in a long distance to come up close to the
user or expression (for example, “follow me”) that allows the
robot to follow the user.

The raising gesture 16 is one in which a user stops for a
certain time (for example, about 2 sec to 3 sec) in a state of
holding up its right arm. For example, the raising gesture 16
may be used as expression (for example, “it’s me”) that
allows a robot to recognize the user or expression (for
example, “yes”) in which the user expresses a yes to the robot
before the robot provides an active service to the user.
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The stopping gesture 18 is one in which a user stops for a
certain time (for example, about 2 sec to 3 sec) in a state that
is holding up its both arms to face height. For example, the
stopping gesture 18 may be used as expression (for example,
“stop it””) in which the user requests the stopping of a specific
service to the robot while the robot in a long distance is
providing the specific service for the user.

The above-defined four target gestures (which include the
waving gesture 12, the calling gesture 14, the raising gesture
16 and the stopping gesture 18) are gestures in which a user
expresses its own intention to a robot. Accordingly, the user
may look directly at the robot. Such a user’s behavior (i.e., a
behavior in which the user looks directly at the robot), how-
ever, should be interpreted as a natural motion that occurs at
a point when the user begins the above-described gestures
(which include the waving gesture 12, the calling gesture 14,
the raising gesture 16 and the stopping gesture 18) that may be
recognized by the robot, and is not interpreted as a behavior
that requests a specific restriction to the user.

As described above, the gesture recognition apparatus 100
according to an exemplary embodiment recognizes the
above-described four target gestures in a robot environment
where a user behaves freely. However, the user may take a
behavior corresponding to the daily gesture (for example, a
noise gesture) of the user instead of the four target gestures
that are recognized by the gesture recognition apparatus 100.
Accordingly, the gesture recognition apparatus 100 accord-
ing to an exemplary embodiment provides a method that may
discriminate the six daily gestures 21 to 26 in FIG. 2 and the
four target gestures.

FIG. 3 a block diagram illustrating a gesture recognition
apparatus according to an exemplary embodiment.

Referring to FIG. 3, a gesture recognition apparatus 100
according to an exemplary embodiment includes an image
input unit 110, a human detection unit 120, a gesture region
setting unit 130, a background image acquisition unit 140, an
arm detection unit 150 and a gesture determination unit 160.

The image input unit 110 receives the video image of low
resolution, which is provided from a single camera that is
disposed in an arbitrary environment or a robot, to sequen-
tially generate a plurality of image frames. The human detec-
tion unit 120 detects whether a user exists from each of the
image frames that are sequentially generated, and when the
user exists, the human detection unit 120 detects the position
and size of the user’s face. The gesture region setting unit 130
sets a gesture region in which the user’s gesture may occur
with respect to the position of face region of the user that is
detected by the human detection unit 120. The background
image acquisition unit 140 acquires a background image for
obtaining the arm region of the user that exists in the set
gesture region. The arm detection unit 150 detects an arm
region existing in the background image that is acquired by
the background image acquisition unit 140. The gesture
determination unit 160 analyzes the disposed region, motion
and posture of the arm in the arm region that is detected by the
arm detection unit 150, and finally recognizes the analysis
result as the user’s gesture.

Hereinafter, the gesture recognition apparatus 100 accord-
ing to an exemplary embodiment will be described in more
detail.

The image input unit 110 generates a low-resolution image
having the resolution of 320x240 pixels through a single
internal camera, wherein 320 is the number of vertical pixels
and 240 is the number of horizontal pixels.

The human detection unit 120 continuously receives the
plurality of image frames, and when the user exists in each of
the image frames, the human detection unit 120 detects the
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position of the user’s face. The human detection unit 120 is a
module for stably detecting and tracking the position of face
of the user in a long distance. The human detection unit 120
combines a result of mean shift color tracking, a result of
near-distance face detection, a result of omega detection and
a result of long-distance face detection to continuously cal-
culate the position of face region of the user.

Specifically, the human detection unit 120 includes a face
tracking initialization unit 122 and a long-distance face track-
ing unit 124.

The face tracking initialization unit 122 will be described
as follows. First, the face tracking initialization unit 122 con-
tinuously receives a plurality of image frames 11 in frame
units through the image input unit 110. A motion region is
detected through the difference image frame between the
image frames that are continuously generated.

An upper body region, in which there is much possibility
that a face and an omega shape exist in the detected motion
region, is set according to a predetermined rate. Herein, the
omega shape is named because the shape of a contour that
joins the head and shoulders of the user is similar to the
character omega) ().

For veritying whether a moving object is a person or not, a
face detection operation is performed in an upper body
region.

A face is a characteristic component for determining
whether an object is a person or not. In this embodiment, a
face detection operation is performed in an adaboosting tech-
nique. The face detection operation using the adaboosting
technique is trained (i.e., learned) in order to stably detect the
face of the minimum 20x20 resolution.

The face detection operation using the adaboosting tech-
nique is described in detail in the paper “Robust real-time face
detection using face certainty map, Proceeding of the 2nd
In’1. Conf. on Biometrics, vol. 4642, pp. 29-38, 2007, pre-
sented by B. Jun and a Kim, and thus its detailed description
will be omitted.

When face detection is achieved through the face detection
operation based on the adaboosting technique, a detected face
region is set as a tracking start region.

The long-distance face tracking unit 124 performs tracking
with respect to the set tracking start region. When face detec-
tion is failed, a detection operation for an omega (£2) shape is
performed in the set upper body region.

In the case of the omega shape, the accuracy of detection is
lower than a face. In the omega shape, however, detection
may be achieved even in a case where a person at the front of
a camera turns its back on the camera, i.e., a case where a face
is not seen. The omega shape has a characteristic component
that has a larger size than a face. Accordingly, detection may
be achieved even in a long distance.

In this embodiment, the adaboosting technique may be
used even in the above-described omega detection operation.
The omega detection operation according to an exemplary
embodiment is trained (i.e., learned) in order to detect the
omega shape of the minimum 24x24 resolution.

When the detection of the omega shape is achieved, i.e.,
when a moving object is verified as a person, a face (or the
back of the head) region is estimated in rate with respect to an
omega region.

The estimated face (or the back of the head) is set as a
tracking start region that is provided to the long-distance face
tracking unit 124.

In the human detection unit 120, as described above, an
estimation region is limited to an upper body region for
detecting the face region and the omega region. Conse-
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quently, a detection speed is improved and the possibility of
misdetection is maximally reduced.

When the detection of the face region and the detection of
the omega region is failed, the gesture recognition apparatus
100 receives a next image frame to verify whether an objectis
a person or not, and repeats a series of operations for setting
atracking start region. When a user is checked to be in the face
tracking initialization unit 122 and thereby the tracking start
region is set, the long-distance face tracking unit 124 per-
forms a series of face tracking operations from a next image
frame with respect to a current image frame in which the
tracking start region is set.

The long-distance face tracking unit 124 combines a result
of mean shift color tracking, a result of near-distance face
detection, a result of omega detection and a result of long-
distance face detection to continuously calculate the position
of'the face region that is tracked, based on a region set by the
face tracking initialization unit 122.

Specifically, when the long-distance face tracking unit 124
receives a tracking start region and an image frame, it first
performs color tracking through a mean shift scheme (D.
Comaniciu and P. Meer, “Mean shift: a robust approach
toward feature space analysis”, IEEE Trans. on PAMI, vol.
24, no. 5, May. 2002.)

For color tracking, a color model to be tracked at an initial
stage should exist. The color model is modeled in color in the
tracking start region that is set by the face tracking initializa-
tion unit 122. That is, when a face is detected by the face
tracking initialization unit 122, initial modeling is performed
in color in the detected face region. When a face (or the back
of the head) region is estimated through omega detection,
initial modeling is performed in color in the estimated region.
A mean shift-based color tracking technique calculates a
region, having color that is most similar to a set color model,
as a result. The mean shift-based color tracking technique is
vulnerable to the change of lighting because of using color
information. When color similar to color for tracking exists in
abackground, the accuracy of tracking is low. In this embodi-
ment, accordingly, the mean shift-based color tracking tech-
nique is used for the purpose of setting an estimation region
for the detection of a face shape and the detection of an omega
shape, instead of the purpose for detecting a face (or a head).
When a face estimation region is set, face detection is per-
formed in the set region. At this point, face detection may be
achieved up to the face region of a 20x20 pixel size that is the
same as that of the face tracking initialization unit 122.

Referring continuously to FIG. 3, when the face region of
the user is detected by the human detection unit 120, the
gesture region setting unit 130 sets regions of interest (here-
inafter referred to as an ROI region), in which the above-
described target gestures 12, 14, 16 and 18 may occur, with
respect to the detected face region.

FIG. 4 is a diagram illustrating a region in which target
gestures according to an exemplary embodiment may occur.

Referring to FIG. 4, the gesture region setting unit 130 sets
a head region HR including a face region FR that is detected
by the human detection unit 120, and a peripheral region
adjacent to the set head region is set.

The peripheral region is one in which there is much possi-
bility that a target gesture occurs, and includes five ROI
regions.

Specifically, the peripheral region includes five ROI
regions that are composed of a left upper region 31 (herein-
after referred to as an LU region), a right upper region 32
(hereinafter referred to as an RU region), a center upper
region 33 (hereinafter referred to as a CU region) between the
LU region and the RU region, a left lower region 34 (herein-
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after referred to as an LL region) adjacent to the lower portion
of the LU region 31 and a right lower region 35 (hereinafter
referred to as an RL region) adjacent to the lower of the RU
region 32.

The size of each of the regions 31 to 35 is calculated at a
predetermined rate according to the position and size of a
detected face region. In this embodiment, it is assumed that
the four target gestures appear only in the set ROI regions and
do not appear in regions other than the ROI regions.

Referring again to FIG. 3, when the ROI regions 31 to 35
are set by the gesture region setting unit 130, the background
image acquisition unit 140 acquires the each background
image of the ROI regions 31 to 35.

FIGS. 5A to 5C are diagrams illustrating operations of
dividing the arm region of a user which is divided in an region
of interest according to a background subtraction technique.

Referring to FIGS. 5A to 5C, the background image acqui-
sition unit 140 checks whether a user’s arm exists in the ROI
regions through the background subtraction technique. The
background subtraction technique is one that has been widely
known, and thus its detailed description will be omitted.

As shown in FIG. 5A, when a user’s arm is not in the ROI
regions, the background image acquisition unit 140 updates a
current image to a background image. When the user’s arm
exists in the ROI region 34 as shown in FIG. 5B, the final
image from which an arm region is separated is generated
through the background subtraction technique. That is, by
subtracting the gray value of each pixel that configures a
background image in FIG. 5B and the gray value of each pixel
that configures a background image in FIG. 5A, the final
image in which only the arm region appears is generated as
shown in FIG. 5C.

FIG. 6 is a flow chart illustrating the operation of the
background image acquisition unit in FIG. 3.

Referring to FIG. 6, when an image frame in which an ROI
region and a face region is set is received from the gesture
region setting unit 130, the background image acquisition
unit 140 first determines whether a use is in a stop state or a
moving state in operation S610.

In this embodiment, since the gesture recognition appara-
tus 100 in FIG. 1 recognizes the gesture of a user that takes a
gesture toward a robot in a stop state, an acquired previous
background image is deleted when the user is moving.

In determining whether the user moves, the user is deter-
mined as that in which it is moving when the size of an area,
where the set head region of a current image and the head
region of a background image overlap, is less than a prede-
termined critical value.

When the user stops moving, an ROI region is set with
respect to a detected face region. At this point, the user’s face
is disposed at the edge of a screen, or when the user very
closely approaches the robot, the ROI region gets out of an
entire image. Consequently, whether the gesture of the user’s
arm occurs may not be determined. When the size of the ROI
region is less than a predetermined critical value (V), accord-
ingly, an operation of acquiring the background image is not
performed, and the background image acquisition unit 140
again receives an entire image in operation S630.

When the user is in a stop state and the ROl region is stably
obtained, the background image acquisition unit 140 checks
whether an arm exists in the ROI region. For checking
whether an arm exists, an operation of analyzing a difference
image and an operation of analyzing a background subtrac-
tion image are performed in operations S640 and S650.

The operation of analyzing the difference image analyzes
whether a motion occurs through the difference value
between the pixel of a current image and the pixel of a pre-
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vious image. Herein, a technique using the difference value of
the pixel is one that analyzes whether the motion occurs
through the gray value of pixel of the current image and the
gray value of pixel of the previous image corresponding to the
pixel of the current image in operation S640.

When the motion does not occur, it may be determined that
an arm is not in the ROI region. When an arm that is moving
in the ROI region stops moving and is in a stop state, whether
the arm exists may not be checked by analyzing only the
difference image. In this case, whether an arm that does not
move exists may be checked by analyzing a background
subtraction image which is the pixel difference between a
current image and a background image that has been set
before in operation S670.

When there is no arm that moves in the ROI region or is in
a stop state, the current image is finally reset (i.e., updated) to
the background image in operation S680.

When the background image is acquired, as shown in FIG.
5C, an arm region is detected in the background subtraction
technique.

Because a background image is acquired once from an
entire image, in which a user does not exit, at an initial stage,
it is impossible to apply existing technologies in a robot
environment where a camera moves. In this embodiment,
however, the gesture recognition apparatus 100 checks
whether an arm only exists for an ROI region that is set with
respect to the face region of a user unlike the existing tech-
nology, thereby adaptively updating a background image.

Accordingly, if a robot maintains a stop state only the
moment a user takes a gesture while the user and the robot is
moving freely, the gesture recognition apparatus 100 in FIG.
1 may be applied to a robot environment.

Referring again to FIG. 3, when an arm region in any one of
ROI regions is stably obtained as shown in FIG. 5C, the
gesture determination unit 160 determines whether a gesture
occurs. For determining whether a gesture occurs, the gesture
determination unit 160 includes a region analyzer 162, a
motion analyzer 164 and a shape analyzer 166.

The region analyzer 162 analyzes whether a detected arm
region (or an arm blob) is disposed in any one of the five ROI
regions 31 to 35 that have been set in FIG. 4, and discrimi-
nates a noise gesture, being the daily behavior of a user,
instead of target gestures through a lookup table in FIG. 7.

FIG. 7 is adiagram illustrating a lookup table which is used
for discriminating a target gesture and a noise gesture. In a
lookup table in FIG. 7, the sign ‘O’ is one representing that an
arm blob is in a corresponding ROI region, the sign ‘X’ is one
representing that an arm blob is not in a corresponding ROI
region. The sign ‘-’ is one representing that an arm blob may
or may not exist in a corresponding ROI region. That is, the
sign -’ is one that denotes a “don’t care” state.

Referring to FIGS. 7 and 4, when a user takes the waving
gesture 12 (see FIG. 1) through its right hand, an arm blob
necessarily appears in the LL region 34 (see F1G. 4) and does
not appear in the RU and RL regions 32 and 35 (see FIG. 4).

An arm blob may or may not appear in the LU region 31
(see FIG. 4) or the CU region 33 (see FIG. 4) according to a
user’s habit.

In this way, when an arm blob is detected, an arm blob that
satisfies all conditions for four gestures listed in the lookup
table is determined as a noise gesture by analyzing the ROI
region.

Referring again to FIG. 3, the region analyzer 162 cannot
completely perform a function for recognizing any one of the
four target gestures according to this embodiment, and
merely performs a function for discriminating a noise gesture
that is a target gesture. Despite this, designing the region
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analyzer 162 prevents misrecognition for a gesture that
occurs because an entire system performs a necessary analy-
sis, and minimizes necessary operations based on gesture
recognition.

The motion analyzer 164 analyzes the moving directional-
ity of a detected arm blob to analyze whether the waving
gesture 12 and the calling gesture 14 corresponding to the
motion gesture among the four target gestures 12 to 18 (see
FIG. 1) occur. The waving gesture 12 and the calling gesture
14, as described above, are defined as gestures that a user
takes using its right arm. Accordingly, the motion analyzer
164 checks whether the user repeatedly shakes its right arm
from side to side or upward and downward, and determines
whether the motion gesture occurs through a result of the
check.

FIG. 8A is a flow chartillustrating the analysis operation of
amotion gesture which is performed in the motion analyzer of
FIG. 3. FIG. 8B is a diagram illustrating the Y coordinate of
end of a hand which is shown in the operation of FIG. 8A
which detects the coordinates of end of a hand. FIGS. 8C to
8E are diagrams illustrating input images which represent the
moving direction of end of a hand.

Referring to FIG. 8A, when an input image including a
right arm region that is separated through a background sub-
traction technique is inputted, coordinates corresponding to
the end portion of a right hand in the input image are detected
in operation S810. The coordinates include the Y and X
coordinates of end of a hand.

The Y coordinate of end of the hand is allocated as the Y
coordinate of a right arm region that is detected.

The X coordinate of end of the hand, as shown in FIG. 8B,
is allocated as the barycenter value 40 of right hand region of
an arm blob in the upper region “Y5 h” of entire height of the
right arm region.

When the coordinates of end of the hand is detected, as
shown in FIGS. 8C to 8E, the moving direction of end of the
hand may be easily detected from consecutive images. In
FIG. 8C, the coordinate C1 of end of the hand that is detected
from a previous image is represented in a circular shape. In
FIG. 8D, the coordinate C2 of end of the hand that is detected
from a current image is represented in a tetragonal shape.
FIG. 8E illustrates the moving direction of end of the hand
which is indicated through an arrow.

Referring continuously to FIG. 8A, when the moving
direction of end of the hand is detected in operation S820, and
the moving direction of end of the hand is analyzed in opera-
tion S830. The moving direction of end of the hand is ana-
lyzed using a moving direction code table and a moving
direction cumulative histogram. A detailed description on this
will be made below with reference to FIGS. 9A and 9B.

The gesture recognition apparatus determines whether the
gesture of the user is repeated from side to side or upward and
downward according to a result of the analysis in operation
S840. When the gesture of the user is not repeated from side
to side or upward and downward, the gesture recognition
apparatus proceeds to operation S810. When the gesture of
the user is repeated from side to side or upward and down-
ward, the gesture recognition apparatus determines the ges-
ture of the user as the motion gesture that includes the waving
gesture and the calling gesture in operation S850.

FIG. 9A is a diagram illustrating an example of a moving
direction code table according to an exemplary embodiment
for analyzing the moving direction of end of a hand. FIG. 9B
is a diagram illustrating a moving direction cumulative his-
togram according to an exemplary embodiment for analyzing
the moving direction of end of a hand. FIG. 9C is a diagram
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illustrating the frequency of generation of code values based
on an image acquisition speed and the moving displacement
of end of a hand.

The moving direction of end of the hand is set as four code
values by a moving direction code table in FIG. 9A. For
example, like in FIG. 8E, when the coordinates of end of a
hand move from the left to the right, because the angle of a
moving direction is greater than 315 degrees and is less than
45 degrees, the code value of the moving direction is allocated
as acode 1.

While input images are being continuously inputted, the
code values of a moving direction are continuously calcu-
lated. As illustrated in FIG. 9B, the calculated code values of
the moving direction may configure a histogram in which the
code values of the moving direction are accumulated by code
value.

By analyzing a histogram in which the code values of a
moving direction are accumulated, whether the waving ges-
ture 12 (see FIG. 1) and the calling gesture 14 (see FI1G. 1)
occur may be checked.

In the case of the waving gesture 12, since the waving
gesture 12 is a behavior that repeatedly shakes a right arm
from side to side, the code 1 and a code 3 which are the code
values of the moving direction are mainly generated in the
moving direction cumulative histogram.

Accordingly, when the code 1 (or the code 3) is greater than
a predetermined critical value T1 and the code 3 (or the code
1) corresponding to the opposite direction is greater than a
predetermined critical value T2, it may be determined that the
waving gesture 12 (see FIG. 1) occurs. In other words, when
a specific code value exceeds the critical value T1, by check-
ing whether a code value corresponding to the opposite direc-
tion exceeds the critical value T2, a system may determine
whether the waving gesture 12 (see FIG. 1) or the calling
gesture 14 (see FIG. 1) occurs.

A cumulative histogram generally accumulates the fre-
quency of generation of the code values of a moving direc-
tion. In this embodiment, however, the gesture recognition
apparatus 100 calculates a weight W based on the moving
speed of end of a hand as expressed in Equation (1) below
instead of the frequency of generation of the code values of a
moving direction, and accumulates the calculated weight to
configure a histogram.

2'\/(Xf—xf+1)2+(yf—yf+1)2 M

w=10
N

where X, is the coordinate of end of a hand that is detected
from a previous image frame, X, , and y,, are the coordinates
of'end of a hand that are detected from a current image frame,
andw,; and h, ; respectively represent the width and height of
the LL region 34 (see FIG. 4).

Referring to FIG. 9C and according to Equation (1), as the
moving displacement of end of a hand becomes faster in
adjacent images, i.e., as the moving speed of end of the hand
becomes higher, the weight W increases. As the moving dis-
placement of end of the hand becomes slower in adjacent
images, i.e., as the moving speed of end of the hand becomes
lower, the weight W decreases.

In this embodiment, the reason that the gesture recognition
apparatus 100 configures a cumulative histogram by using the
weight W based on a moving speed instead of the frequency
of generation of moving code values is because systems (for
example, cameras) acquiring images have different image
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acquisition speed. That is, the reason is for stably recognizing
a user’s gesture at a uniform reaction speed irrespective of
different image acquisition speed.

For example, when the image acquisition speed of a sys-
tem, which acquires images, such as cameras is slow, the
number of frames of an input image that is obtained per
second is small. Accordingly, the frequency of calculation of
moving direction code values decreases. In this case, if a
cumulative histogram is configured with the frequency of
calculation of moving direction code values, time taken until
a degree of accumulation of specific code values exceeds the
critical value T1 becomes longer. Consequently, much time is
required until a system recognizes a user’s gesture, and more-
over, the user should repeat the same gesture for a long time.

On the other hand, if the image acquisition speed of a
camera is fast, since the calculation amount of moving direc-
tion code values is fully obtained even though a user shakes its
hand once or twice from side to side, a reaction speed in which
a system recognizes a user’s gesture as a target gesture
increases. In this case, the possibility that a daily behavior
instead of an actual waving gesture is recognized as the wav-
ing gesture 12 (see FIG. 1) may increase.

However, a cumulative histogram according to an exem-
plary embodiment that has a moving speed as a weight can
solve the above-described limitations, and a detailed descrip-
tion on this will be made below with reference to FIG. 9C.

FIG. 9C is a diagram illustrating the frequency of genera-
tion of code values based on the image capture speed of an
image acquisition system and the moving displacement of
end of a hand.

Referring to FIG. 9C and according to Equation (1), as the
moving displacement of end of a hand becomes faster in
adjacent images (i.e., as the moving speed of end of the hand
becomes higher), the weight W increases. As the moving
displacement of end of the hand becomes slower in adjacent
images (i.e., as the moving speed of end of the hand becomes
lower), the weight W decreases.

If the image acquisition speed of an image acquisition
system is slow, the number of input images decreases and
thereby the frequency of generation of moving direction code
values decreases, but the moving displacement of end of a
hand increases in consecutive images and thereby the weight
W enlarges. Accordingly, although the accumulated value of
a corresponding code has the small frequency number, since
the accumulated value of the corresponding code has a large
weight W, it may have a value equal to a weight.

If the image acquisition speed of a system is fast, the
frequency of generation of code values increases, but the
moving displacement of end of a hand decreases in consecu-
tive adjacent images. Accordingly, each weight W decreases,
and the accumulated value of a pertinent moving direction
code has a value equal to the sum of weights.

Accordingly, a system can stably recognize a user’s ges-
tures at a uniform reaction speed irrespective of an image
acquisition speed.

In this embodiment, a weight W that is added to a cumu-
lative histogram has a time stamp which is added to each
histogram, and exists in the histogram only for a certain time
(for example, five seconds) and thereafter is deleted.

Referring again to FIG. 3, the shape analyzer 166 analyzes
shape information including the size information of a
detected arm region to determine the raising gesture 16 and
the stopping gesture 18 that are included in the non-motion
gesture among the four target gestures 12, 14, 16 and 18 (see
FIG. 1).

When an image including both arm regions is inputted, the
shape analyzer 166 analyzes the relative length ratio of the
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both arm regions to determine whether a gesture is the raising
gesture 16 or the stopping gesture 18. When the raising ges-
ture 16 or the stopping gesture 18 is not determined, the shape
analyzer 166 determines a gesture as a noise gesture. Here-
inafter, a method for determining the raising gesture 16 and
the stopping gesture 18 will be described in detail with refer-
ence to FI1G. 10.

FIG.10is a flow chart illustrating an operation in which the
shape analyzer in FIG. 3 determines the raising gesture 16 and
the stopping gesture 18. FI1G. 11 is a diagram for describing an
operation for analyzing the relative length of the both arm
regions of FIG. 10. FIG. 12 is a diagram illustrating condi-
tions for determining the raising gesture. FIG. 13 is a diagram
illustrating conditions for determining the stopping gesture.

Referring to FIGS. 10 and 11, when an image is inputted,
an operation for analyzing the relative length ratio of both arm
regions is performed in operation S911.

In the input image, when there is no left arm (L) region or
the length of a right arm (R) region is greater by two orders or
more of magnitude than that of the left arm region, as shown
in FIG. 11(A), a user’s gesture is determined as the raising
gesture 16 (see FIG. 1). In the input image, when there is no
right arm (R) region or the length of a left arm (L) region is
greater by two orders or more of magnitude than that of the
right arm region, as shown in FIG. 11(C), a user’s gesture is
determined as a noise gesture in operation S915.

In the input image, when the length of a right arm (R)
region is the almost same as that of a left arm (L) arm, as
shown in FIG. 11(B), a user’s gesture is determined as the
stopping gesture 18 (see FIG. 1) in operation S917.

In an operation of determining the raising gesture 16 (see
FIG. 10), the shape analyzer 166 may simply analyze the
length and angle of a left arm region to determine whether a
gesture is the raising gesture or the noise gesture in operation
S913.

In this embodiment, as shown in FIG. 12, when the length
of a right arm (R) region is greater than approximately 1.3
times the vertical height of head region HR of a user and the
angle of a right arm (R) is from a first angle (for example, 60
degrees) to a second angle (for example, 135 degrees), a
user’s gesture is determined as the raising gesture in opera-
tion S913. When these conditions are satisfied, all the user’s
gestures are determined as noise gestures in operation S915.

By analyzing the lengths, angles and positions of the both
arm (R and L) regions, the stopping gesture or the noise
gesture is determined in operations S915 and S917.

When all the upper portions of the both arm regions are
near the vertical upper portion of head region FIR of the user
(i.e., a daily behavior in which a user touches its head with its
two hands) and there is an arm in which the length of an arm
region is greater than 1.6 times the vertical height of head
region HR of the user, a user’s gesture is determined as the
noise gesture in operation S915.

In the body structure of the human, when the angles of both
hands of the human are less than or the same as 90 degrees,
there is high possibility that a user’s gesture is the stopping
gesture.

Onthe other hand, as the angles of both hands of the human
enlarge more than 90 degrees, there is much possibility that a
user’s gesture is a daily behavior instead of the stopping
gesture.

As shown in FIG. 13, when the hand regions of a user
respectively exist in both positions that are separated by the
horizontal length of a head region HR, there is highest pos-
sibility that a user’s gesture is the stopping gesture, and as a
displacement in this position enlarges, the possibility is
degraded. That is, when the angle of a left arm (L) exceeds 90
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degrees and the angle of a right arm (R) is less than 90
degrees, there is highest possibility that a user’s gesture is not
the stopping gesture.

Accordingly, as expressed in Equations below, the gesture
recognition apparatus calculates the values of possibility (P,
and P,) that a user’s gesture is the stopping gesture on the
basis of the angles and positions of hand regions. The gesture
recognition apparatus determines a user’s gesture as the stop-
ping gesture when the final possibility value (P) is greater
than a predetermined critical value on the basis of the possi-
bility values (P ,and P ), and otherwise, it determines a user’s
gesture as the noise gesture.

Max(d, d[) - d[
dn—dy

Pyt &)

where P, is the value of possibility that a current arm region
based on angle information is the stopping gesture, d is the
angle value of an arm region, and d, and d,, are the allowance
angles of gestures and respectively are 90 and 120 degrees.

®

_ Min(lx — X + wal, wi)

P i

where P, is the value of possibility that a current arm region
based on angle information is the stopping gesture, x is the X
coordinate of an arm region, X, is the X coordinate of a left
boundary of a head region, and w,, represents the width of the
head region.

Q)

where P is the value of final possibility that a current arm
region is the stopping gesture, and a is a weight.

According to Equation (2), as a result, when the angle of
the right arm region is less than 90 degrees and the angle of the
left arm region is more than 90 degrees, the value of possi-
bility (P,) that the user’s gesture is the stopping gesture
increases. When the angle of the right arm region exceeds 90
degrees and the angle of the left arm region is less than 90
degrees, the value of possibility (P,) that the user’s gesture is
the stopping gesture decreases.

According to Equation (3), when the position of the right
arm region and the position of the left arm region are sepa-
rated by the width of the head region with respect to the head
region HR, the value of possibility that the user’s gesture is
the stopping gesture is the maximum, and as a displacement
in a corresponding position enlarges, the value of possibility
that the user’s gesture is the stopping gesture decreases.

According to Equation (4), the value of possibility that the
user’s gesture is the stopping gesture may be calculated on the
basis of the angle and position of the right arm region and the
angle and position of the left arm region.

When the number of times the raising gesture and the
stopping gesture occur exceeds a predetermined critical value
(T1) in operation S919, a system finally determines that the
non-motion gesture occurs in operation S921.

A number of exemplary embodiments have been described
above. Nevertheless, it will be understood that various modi-
fications may be made. For example, suitable results may be
achieved if the described techniques are performed in a dif-
ferent order and/or if components in a described system,
architecture, device, or circuit are combined in a different
manner and/or replaced or supplemented by other compo-

P=aP#+(1-0)P,
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nents or their equivalents. Accordingly, other implementa-
tions are within the scope of the following claims.

What is claimed is:

1. A gesture recognition apparatus, comprising:

a camera detecting an input image;

a human detection unit detecting a face region of a user
from the input image;

a gesture region setting unit setting a gesture region, in
which a gesture of the user’s arm occurs, with respect to
the detected face region;

an arm detection unit detecting an arm region of the user in
the gesture region; and

a gesture determination unit analyzing a position, moving
directionality and shape information of the arm region in
the gesture region to determine a target gesture of the
uset,

wherein the gesture region setting unit sets the gesture
region which comprises a left upper region which is
disposed in an left upper portion of the head region, a
right upper region which is disposed in a right upper
portion of the head region, a center upper region which
is adjacent to the head region and is disposed between
the left upper region and the right upper region, a left
lower region which is adjacent to the head region and is
disposed at a lower portion of the left upper region, and
a right lower region which is adjacent to the head region
and is disposed at a lower portion of the right upper
region, with respect to a position of a head region com-
prising the face region,

wherein the gesture determination unit determines the tar-
get gesture which comprises a waving gesture which
repeatedly shakes any one of a right arm and left arm of
the user from side to side, a calling gesture which repeat-
edly shakes any one of the right arm and left arm of the
user upward and downward, a raising gesture which
maintains a state, where the user is holding up any one of
the right and left arms to at least face height, for a certain
time, and a stopping gesture which maintains a state,
where the user is holding up the right and left arms to
face height, for a certain time.

2. The gesture recognition apparatus of claim 1, wherein

the gesture determination unit comprises:

a region analyzer determining whether the position of the
arm region of the user is in the gesture region to discrimi-
nate the target gesture and a noise gesture which corre-
sponds to a daily behavior of the user,

a motion analyzer analyzing the moving directionality of
the arm region of the user to discriminate the waving
gesture and the calling gesture; and

a shape analyzer analyzing the shape information which
comprises a relative length ration and angle of the right
and left arms of the user to discriminate the raising
gesture and the stopping gesture.

3. The gesture recognition apparatus of claim 2, wherein
the region analyzer determines the target gesture and the
noise gesture with a lookup table in which the target gesture
and the gesture region are configured per item.

4. The gesture recognition apparatus of claim 2, wherein
the motion analyzer detects coordinates of end of a hand of
the arm region, analyzes a moving direction and speed of the
detected coordinates of end of the hand to set a moving
direction code value, and determines the waving gesture and
the calling gesture on the basis of an accumulated value of the
set moving direction code value.

5. The gesture recognition apparatus of claim 2, wherein in
a case where the user expresses the raising gesture with the
right arm,
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the shape analyzer determines the gesture of the user as the
raising gesture, when there is no left arm region in the
right lower region and a length of a right arm region,
which exists across the left lower and upper regions, is
greater by two orders or more of magnitude than a length
of the left arm region, and

the shape analyzer determines the gesture of the user as the

noise gesture, when there is no right arm region in the
left lower region and a length of a left arm region in the
right upper region is greater than a length of the right arm
region.

6. The gesture recognition apparatus of claim 5, wherein
the shape analyzer determines the gesture of the user, when a
length of a right arm region in the left lower region is greater
than approximately 1.3 times a vertical height of the head
region and an angle of the right arm is from about 60 degrees
to about 135 degrees.

7. The gesture recognition apparatus of claim 2, wherein:

the shape analyzer determines the gesture of the user as the

stopping gesture, when a length of a right arm region in
the left lower region is the substantially same as a length
of a left arm region in the right lower region, and

the shape analyzer determines the gesture of the user as the

noise gesture, when the length of the right arm region
and the length of left arm region are greater than a
predetermined multiple of a height of the head region.

8. The gesture recognition apparatus of claim 7, wherein:

a value of possibility that the gesture of the user is the

stopping gesture is the maximum, when an angle of the
right arm region is equal to or less than about 90 degrees
and an angle of the left arm region is equal to more than
about 90 degrees, and

a value of possibility that the gesture of the user is the

stopping gesture decreases, when the angle of the right
arm region exceeds about 90 degrees and the angle of the
left arm region is less than about 90 degrees.

9. The gesture recognition apparatus of claim 7, wherein:

a value of possibility that the gesture of the user is the

stopping gesture is the maximum, when a position of the
right arm region and a position of the left arm region are
separated by a width of the head region with respect to
the head region, and

as a displacement in a corresponding position enlarges, a

value of possibility that the gesture of the user is the
stopping gesture decreases.

10. The gesture recognition apparatus of claim 7, wherein
the shape analyzer a value of possibility that the gesture of the
user is the stopping gesture on the basis of an angle and
position of the right arm region and an angle and position of
the left arm region.

11. A gesture recognition method using a robot system
which includes a moving means and in which a human-robot
interaction technology is implemented, the gesture recogni-
tion method comprising:

detecting a face region of a user from an input image which

is sequentially inputted;

calculating, executed by a processor, a size of a gesture

region, in which a gesture of the user’s arm occurs, at a
certain rate on the basis of a position and size of the
detected face region;

acquiring a background subtraction image which com-

prises an arm region of the user in the calculated gesture
region;

detecting the arm region of the user in the gesture region by

using the acquired background subtraction image; and
analyzing a position, moving directionality and posture of
the arm region in the gesture region to determine a target
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gesture of the user which comprises a waving gesture, a
calling gesture, a raising gesture and a stopping gesture,

wherein the determining of a target gesture comprises:

determining whether an arm region of the user is in the
gesture region with a lookup table, in which the target
gesture and the gesture region are configured per item, to
determine a noise gesture which corresponds to the tar-
get gesture and a daily behavior of the user according to
a result of the determination;

detecting coordinates of end of a hand of the arm region, in
the gesture region;

analyzing a moving direction and speed of the detected
coordinates of end of the hand to set a moving direction
code value, and determining the waving gesture and the
calling gesture on the basis of an accumulated value of
the set moving direction code value; and

analyzing the shape information, which comprises a length
rate and angle of right and left arms of the user, to
determine the raising gesture and the stopping gesture.

#* #* #* #* #*

10

20

18



